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A Preliminary Acsasoment of the Impact of Flywheel Em=rgy Stoltse technology
on Taxicab FleeL Operation in ● Large Metropolitan City

Hilton C. Krupka

Los Alamfi National Laboratory

Analyaia ●nd Acsesment Division

ka Alamo. Kew Mexico 87545

Evaiu#te the impact ●nd benefits in tarms of wtergy conservation,

●nvironmental improveawnt, ●nd tconomicc of incorporating flywimel encr~y
ttorase syr:emo into fleet vahiclc opermtiona. Specifically ●xamine Ctle ca61.

01 taxictb flint operations uithin New York City. Identify inmcirucional

barriers to implementation.

lhe proje!t haa been completed ●nd the final report issued, M-872i’-HS.
February i561.

Lrpertt ional infnnnat ion for the otudy has been ot,ttined from both re~ula~o:v

●nd privacr organization in New York City.

Lneriy conaervac ion, ●nvironmental, and ●conomic impacts have been drtrrmined
baaed-on tcnumpt ion; keyed to botn operational data” and ●

●conomy for hybrid flyuhcrl -internal” rombust ion ●ng
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ASSESSPfFNT OF TAKICAB FLEET OPERA11ON IN NEW YORK CIIY

Milton C. Krupka Sydney V. Jackson
Los Alamos National bbora~ory”

Analysis and Assessment Division

Los Alamon, New Mexico 87545

ABSTRACT.—

This paper describes a preliminary aaseaoment of the impactn resulting
flywheel ●nergy storage systems into ●utomotive fleetn in 4 large metropol

the case of taxicab fleet operation within New York City is examined.

Based upon available taxicab operational data, ● levelized life-cycle (

from
ton c

ncorpora[
ty. Spec

mparison

on of
fically,

Ost C( e[ween a

standard internal combustion engine vehicle in present use as a taxicab and a prujecLed hybrid
flywl,eel-internal combustion ●ngine vehicle (taxicab) haa been generated. Lner$y c0n6ervatlon and

●nvironmental benefit- are discussed ●nd potential institutional barriers to rapid deployment of

flywheel ●nergy acorage systems are identified.

The resulca obcainpcf from this study generally ●mphaalze the value of incorporating flywheel
●n?rgy ttOraRe e.ystems int9 future vehicles designed for taxicab use.

lf4TRODllCT10ti

Yhe incorporation of flywheel ●nergy storsge tyatems (FF.SS) into ●utomotive vel~icleu has been

Llnder consideration for nomc time. Previous atudien have sugg?tted that FESS can vield auhfitant ial

benefits in automotive vehicl? opcratlon, particularly for urban driving. Enhanced interest ham come

●bout due to major advancement in materiale science and ●ngineering ● u applird to flvwh~el BV.5LeM
development.

?his study premento ● p.’elirninary ●anesnment and evaluation of the ●conoric, energv conservation,

and ●nvironmen[sl benefitc uf the introduction Of FLSS into ● rtandard intrrnal combustion ●ngine
vehicle (lCLV). To further ● soeao the impacts reoulting from FLSS incorporation into certain typefi nf

●utomotive flee LO, m Preliminary ●xaminat ion of taxicab fleet opr ation in ● large me*.rOpol i tan city,

in psrclcular New York City, wam made. The tanicab tranapnrtation acctor wa~ chosen in view of
certain unique operational characterintlcs Chat permiL ● more viaiblv inLercomparison of their
vchiclen with ●nd without n?w energy atoragc ayatema.

AUIO1’fOllVL FLLLT VL’HILLE MARKET AtiD lAXICAB SF,C1OR

The flret market is aspecially valuable ● s ● technological teat market for new vehicle and
component design because:

(a)

(b)

(c)
(d)

(a)

●vailability of profeaaional management and fiscal re~ourcea permito a higher degr~e of ri~k
involvement ;

conncientioua maintenance, vehicla control, and record-keeping praciicea ●xist ;

vchiclaa can ba aaaignad to opocific ●nd wall-defined miaaion~;

milaaga and operational data ●ccumulate rapidly; and

chara is hi~h product visibility.

Bccaust of tha wide divarrity Of purpose ●xicting within the fl?et market, it ia convenient to
subdivide flasca into a number of ceccOr-, one of which la the tanicab sector. In considering the

purchaa? of vehicles within this secLor, aurvaya have indicat~d chat maintenance repreoentn chc

primary purchaae critarion with life-cycle Costa and reliability clooe secondary criteria.

NEW YORK CITY TAXICAB OPERATION*—

Characterisation of canicab operation in New York City io difficult bacauae there are several tnni

oyacemo. The city has ●bout 12 000 lictnoad taxicaba, controlled by the New York City Taxi ●nd

*lnfomacion mainly obtained from the New York City Taxi ●nd Limoualne Cowaniaoion, 67 Nail St New

York City, New York 10003, ●nd the Metropolitan Taxicab Board of Trade, Inc., 24-16 Flridgr Plata
South, Long IalaRd City, New York 1I101. The l~ttar or~aniuation controls tht flaet operation of

about 2200 taxicabs, ●bout 70% of thoaa licanaad.



Limousine Commission. About 60% operate ● s fleeco ●nd mini fleets and the remainder as independent

owner/drivers. There is SISO a substantial but indeterminate number of livery service vehicles

(gypsies) operating within ●nd without the city limits and not controlled by the Conwnission.

Characteristics uniq~e to the New York City taxicab sector include: very high annual mileage

accumulation (50 000-80 000 miles); relatively ohort vehicle lifetime (18-36 month.); urbsn stop-go
driving and significant broking; low ●veIage speed (about 7-11 mph) ●nd low ●verage gaooline milenge
(about 10 mpg) in central busirieoo districts (CBD). Additional characteristics, opersting parameters,
●nd dato used for the ●conomic ●nalyaie is given in Ref. 1.

The characteristic. of New York City taxicab operation strongly suggeot that ●valuations of new
technologies ouch as FESS be conducted under New York City taxicsb drive cycles in addition to the

Federal urban drive cycle uoually considered, The former emphaoize CBD type of driving and are
perhaps beet characterized by extensive periods of zero velocity (engine idle or otop) ●nd net low
sverage speed..

EWMMIC ANALYSIS

A Ievelized life-cycle cost (LLc) methodology W*S uoed to perform the ●conomic ●nalyoio, lhe
advantage of LLC is that the total operoting cost, including the capital investment, i. characterized
by t single number. A detailed diocuooion of LLC methodology i. contained in the uoer’o manual for

the computer codr (BICYCLE) uoed in this ●nalyois (Ref. 2). The dsto used in the onalyoio reflect
primarily that relating to fleet operation ulth eotimateo made where neceosary.

Results of the ●nalyoio ● re ohown in Fig. 1.
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Fis. 10 Comparison of lev~lized life-cycle costo for
three systcmo of taxicab operation.

Sensitivity atudiao were performed on ool~cted parametgro of intereac. Reoulca ● rc ohotm in
Figuroo 2-4.
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Fig. 4. Life-cycle costs (fleet operation) of taxicab

ICEV and FESS/ ICEV ● o ● function of gaooline cost.

Life-cycle coato of FESS/ICEV are r@duced with continued improvement in fuel economy relative to a
bmae value 10mpg (1.0 ratio) for the ICEV. The breakeven gaooline mileage in about 11.8 mpg.

Operating coata ● re higher for FESS/lCEV above the breakaven point.

The l~fe-cycle coot VO the capital cost ratio ic of particular interest. It cuggeata that the
capital coats for ● FESS/lCEV could be increased as much an 58% before excaading the ICEV life-cycle
Cooto. Thio additional capital in’;aocment would be warranted to ●chieve projected gaina in fuel

economy .

The FESS/lCEV system is Less costly ● t ●ll valuea of Bnmoline cost ahovn in Fig. 4. An

interpolation wo~.J demonstrate breakeven coat ●t about 60-65d/gal in this study. As fuel coots
incrcaae, the FE5S,’ICEV becomes pr~geasively more economical.

ERERGY CONSERVAI1ON

The gcin in fuel ●conomy projected to come from FESS in ● vehicular application ia the result of

noc only th- regenerative braking concepc but alao the concurrent ●fficient operation of an optimized

dngine ●nd drive train syotem. Thie combinad engineered system haa beun acudied by eeveral groupe,

including the Univaraity of Wisconsin, for ● nllmber of yaaro (Ret. 3).

Aa ● conaervativa meaauro, ir is ●aaumed that a 502 gain in fuel ●conomy ia realiacic for vehicles
in the ●pprc~imate weight claas of taxicabs. The aavinga in energy consumption by licenaad taxicaba

can be shown anaumins tha gain mentiorrnd ●bove. For about 12 000 tanicabe ●ccumulating betwman

50 000-80 090 milee per yaar, the gain in fuel ●conomy reaulta in ● aavinga of shout 33% in fusl

pllrchaaca, a aavinga of ●bout 25 x 106 gallone per yaar, which at ● coat of ~1,20 per gallon #mounte
to $3o M 106 per year. I%e ●nergy ●quivalent of h~ecline is ●bout 125 000 Btu per gallon,
therefore, about ].1 xlO~~ BLU p~r yaar can be coneervad.

ENVIRONMENTAL CONSIDERATIONS

The introduction of flywhedl technology ia likaly to have it- moat I)oticaable ●ffecte upon air

quality (emiaeione) ead ●aaociated haalth impacto , especially in urb~n environment.

The New Yorlr Cl~y Taxicab ●nd Limouoine Cooonisaion mandatea strict ●mie~ion ●tandarde, Tanicabe

of yaars 1979 ●nd 198’J ●nd chs future .uet meet ●miaeion otandardo ●quivslent to those for California.

Since there ● ro significant eavinga in tenna of fuel usage, anvironrnental improvement in t+e form

of reduced ●miaaiona ia to be ernpacted with the introduction of FES6/lCEV c~xlcabe,



Bacauw
development

New York City ●loo ragulmtea noise levelo, any noise problemo praaently ●ncountered in

should be solved before introduction into the city environment.

INSTITUTIONAL BARRIERS

A number of inatitutiorml factorm that MY visibly >Jfect rapid deployment of FESS/ICEV vehicles
in the taxicab wrket ●e~tor hava been identified.

These include: the autocmbila induntry production infrastructure ● n it relaten co the small
merkat for tmxia; lack of maintenance ●nd nervice Information for the taxicab induntry, which prefers
relatively nhort downtime periods; tha ovnarnhip of patent or comercial rights relating to component
development by contractors using government funds; ●nd the nec:saary education of regulator,
insurara, and the public with regard to the smfety of FESS. Ifore positively, there i- ●lready ●

prccadent in Naw York City resardintt taxicab fleet :echnology damonotratione, dieeel ●ngine-powered
taxicabs having baen teeted previously. Generally, regulecions do not ●ppear to be restrictive.

A preliminary ●enasemenc of
tu the introduction of flywheel

fha ●conomic,

CONCLUSIONS

●nergy conservation, ●nd ●nvironmental impacts relat~d
●nergy storge systems (FESS) into automotive (taxicab) fleeto in a

large metropolitan city (kew York Ci~y) has-been made. The resulte obtained Renerally emphanize the
value of incorporating flywhael ●nergy ●toraga eystemn into future vehicles designed for tsxicab use.
A iarge--cale demonstration test wuld provide ● more ●ccurate evaluation of the benefits discusoed

herain.
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